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Overview w

* The CDF and DZero collaborations
are still doing exciting physics and
publishing at a strong rate

* Focusing on legacy results that are

competitive and complementary to
the LHC

* In a phrase, our motto is “geft the
papers out!”

David Toback, Texas A&M University

June 2014 Fermilab Users Meeting — Tevatron Physics



Publication History w

CDF and DZero: ~30 paper each in 2013
Excellent results in all physics groups

Tevatron Legacy: Over 1,000 papers
published and 1,000 PhD’s granted
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* Rich Program w

Selected Results

 Higgs « EWK
— Final Higgs Combination — Agg: Sin?0,, and M,,
— Higgs Couplings — WW and ZZ Results
 Exotics/New Phenomena — W Mass

— Search for Heavy Vector Bosons * Top

« QCD — Top Pair-Production Cross section
— Exclusive production — Top Mass
— Double parton Interactions — Single Top s+t
— W/Z + Jets — Single Top in s-only
— Vector Boson +HF — Aggintt
 Heavy Flavor — Aggin bb
— CP Violation B* decays

— Excited B-mesons

— b-Baryon properties

— Di-muon charge asymmetry
June 2014
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@ Final Higgs Combination w

10
- | == Observed 1
b e . Tevatron Runll, L, <10 fb
: The nggs groups at bOth [ Eiﬁiﬁiﬂﬂ";ﬂggs SM Higgscgmbination

| [ Expected £2 s.d.
[ wwee Expected if m,=125 GeV/c?

CDF and DZero have |
completed their search work |

95% C.L. Limit/SM

 Powertful results in bb are
Complementary tO the ﬁllal q00 120 140 160 180 200
m,, (GeV/c?)

StateS fI’Om the LHC Tevatron Run Il, L. <10 fo!

m,, = 125 GeV/c®

* Observed significance is 3.0c o comom i

— —fll— Single channel

at a Higgs mass of 125 GeV ory - I ——

Ho W'W  —

e Tevatron combination
published v | L
— PRD 88, 052014 (2013) o1 2 3 45 6 7T 5 oo

Best Fit (o x Br)/SM

Ho 1%t n

David Toback, Texas A&M Uni, . o.ey
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Higgs Couplings

 The world-wide emphasis * 5|

has shifted to property
measurements

 Combination of CDF and
DZero results on Higgs
Spin-parity is in progress

— DZero results are 2

public (Conf Notes
6387 and 6404)

— CDF results are
nearing completion

* All results are currently
consistent with the SM

., Tex:
June 2014
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Search for Heavy Vector Bosons
Exotics/New Phenomena

= — CDF expected limit
o o o e N Median expected = lo
*  While the Tevatron isn’t competitive for : , Median expected = 20
the high mass searches any more, there = | — cWSepdiini
are still a number of places where ithas = | . ATSewacdimi
advantages s 'E A L8
— PPbar vs. PP I
— Low number of interactions per ENY
crossing -
* New limits on W’->tb and Z’->tt are 102 500600 700 800 900 10001100 1200
. 5 M, [GeV/eT]
the world’s best at intermediate masses
W'—tb in E +jets CDF Run Il Preliminary, L = 9.1 fb™
— PRL 110, 121802 (2013) e Efimig o
° E +] 9.1 1b" exp. = 20
— CDF Public note 11079 g Fon CoF 1] ;?.,'”;:Pp:;‘:i.ﬂf"ai‘;}; wseory
R b e R L
A few more results to come in the next s 10k
year & o
2 — Ny
— Delayed photons s °E " _
E —
= B —_— el ——
— Monopoles 3 10kt -
— Others 2 el J—
3 10.2 ; ] | | | |
June 2014 David Toback, Texas A& 200 200 600 800 1000 1200
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. QCD: Exclusive Production

e Measurements of Exclusive Production

are important in their own right as =7 1— Pt{?;:i:: evie
well as for input in our Monte Carlos 3 - ,,g [y(0k1.0
(Pythia, Herwig++ etc.) 3 b — o e
e Central Exclusive Hadron Pair 5 h e, =1 Syat. uncertainton, 122900 eV
Production ° Mf T LN o
— CDF Public Note 10841 T e
 Many other exclusive results
B High mass di-j ot pro duction N Ltr:anf-verseyﬂharged Particle Density: dN/dndg|
— Exclusive di-jet production, ; T 2 Gurir v - T; __f 1
— exclusive di-photon E t 000 Gev
— exclusive y_. production 300 Gev PYTHIA Tune 21
e Measurements at multiple Tevatron Y Z”lmw !
energies PTmax (GeVic)
— 300, 900 and 1960 GeV
— CDF Pub Note 10841 and 10874
&M University g
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@ Double Parton Interactions w

eg e U)106§ @, L=8.71"
— Ablllty tO Separate % i IszIa_ta, incllfJZive -
= DP model 3

single and double I
parton interactions ? .

e Measurements in both 104?,,: ,,,,,, ,,,,,,,,,,,,, °
vy + 3 jets and y + b/c + _
2 jets events ot

0 05 1 15 2 25 3

—DZero: PRD 89, o s

—
—

Data/Total
T T T L ]
_.—.

+
——
.—.—
&

072006 (2014) ;_:‘3 AFS, 4j (1986) o
< |uA2, 4j(1991) -
% CDF, 4j (1993) : N
. 5 |CDF.y3i(1997) v

ic |DD,v3j(2009) —o—
* In agreement with the Rl P

£ |cMs, w2j (2013) S

SM $ D@, v3)(2013) O
o |D@, yb(c)2j (2013) —_——

5 o o1 1 PP PR SR AP PRI PRI N RTIPN B
vavia 10vack, 1exas A&M Uni R T R -
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W/Z+Jets

Z+jets & WHjets Cross Section

Measurements

CDF: Public Note 10216
DZero: PRD 88, 092001 (2013)

A e : . T
or AN relarnary § L' o D@, 3.7 16", W ev)+>2jets+X .
> al o F L -.©- Alpgen+Pythia -£ Alpgen+Herwig -
~>‘:’, 10 o CDF Data L= 9.64 b S - POWHEG+PYTHIA --- CTEQ6.6 E | ..a-- Pythia - Herwig |
& F (] Systematic uncertaintes £ 1.5 wsTwzooenio POF A | W NLO Blackhat+Sherpa 2%~ HEJ il
3 10%F = PONNECHPYTHIA s T - ©0.015- -4 Sherpa _ _
£ i MSTW2008NLO PDF § 1 B - i i
3 Tune Perugia 2011 - ) B B
N - : r L _
;S_' 10° 3 e =3 Rr =3 Py + End - POWHEGPYTHIA - Tune A - (a) .
-E' L . *_._ 1.5 Tune Perugia 2011 Tune DW 0.01—
F —— Yo - “+ Tune Z1 I ed
10? —— 1 sl k.:‘_»mﬁ_,_:—tune e . B 0‘68‘ . & 7
i e . G S TR, S G -l . T
B == B 1 | N e T |
1F =8 - — POWHEG+PYTHIA - WE=Ep =M +pl, 0'005__ __
1.5__ iy =-21~H|T :%(DTM +E;,) By =Py B & |
10_1 . Ziy* (> I'T) + =1 jet i i m 2”5 Sjim I'D’Z | "“ o |
E 1=e,u; 1 <1.0; p) > 25 GeV/e ——— L gorinin o & i
- P30 GeVre, IV <21 L S T " Roone=0.5, th>20 GeV, [y”'|<3.2 1
e e . o T . 15 Go, [f{<t.1, M40 Ge p 520GeV |
710 20 3040 100 200, L T
bz [GeVic] Py g LT W(> ev)+>2jets+X
o 157 7
a -4
QCD@WNLO works reasonably well § 3888838885568
@
£
and is very useful for model builders o *%—5r——spp
€ 0 05 1 1.5 2 25 3
S rermuap users vieeung — 1evatron F AY(j .j,)



Vector Boson + HF

¥

e Using the low pileup environment to
pushing down to low rate and/or soft
production

 V+Charm jet
— DZero: PRL 112, 042001 (2014)
« V+D*

— New method allows for lower P
Charm

— CDF Public Note 11087
 W/Z+Upsilon

— No observation, new limits

— CDF Public Note 11099

T+W T+Z
expected limit (pb) 5.5 13
observed limit (pb) 5.5 20

015

D@, 9.7 fb™

—e— Data
-==- Sherpa
—— Pythia

Pythia, 1.7xg—cT
— = Alpgen
------ MCFM, MSTW08
== MCFM, CTEQ66c

20

PR TN ST S T S TN S N T SN N AN T S S T SN ST S N
40 60 80 100 120 140

p*! [GeV]
CDF Run Il Preliminary JLdt =9.7 fb’
ok W(—ev) |
= oF ___ Pythia6.2
= (CTEQSL)
g“z‘ —l— Data (stat)
o) 6l
~F (stat+syst)
a F
+ 4
=
o H o | ]
] I I bt
o2
8 C
e
5t et
[ | M I R R B B
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) ] pD’) [GeV]
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CP violation in B* decays w

* Analyzed decay multiple modes

° ° (i; . ;D010.4fb“
of B=for CP violation Che: e
g -B*—>J/q!atf
— Bt=>J /\lIK:I: —)u‘l'u_Ki itB: I Combinsora
_ =
— B*>J/yn*>pnn* ” )
 World’s most precise
measurement ® > "M ) Gevicd
JwK — 0 |
— AWV (0.59 + 0.36)% 20 o
(] B — Total
— AJ/\IITC — (_4.2 + 4.8)% §100— | H EE:jﬁ:
* Consistent with SM expectations 3 , LA 1l *
Z. - NI | {'
— DZero: PRL 110, 241801 gmﬁ ’ i ‘ i
= [ & B, — Jy h'X
(2013) z B ’ ) I (11 combinatorial
200+ M0 . %)
5 5.2 5.4 5.6
M (J/y h') [GeV/c
David Toback, Texas A&M University
June 2014 12
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Excited B-mesons

CDF Run Il Preliminary, 96 fb'| W  Data

 First evidence of Yol kg
resonances (4.40) 3 i S
consistent with two states == > .
S S
of orbitally excited (L=1) __ _»=&/ -------77~ .
Bt-mesons -----" "7 e e
i St (L IR AL KA 1 Wty B
— Inboth Bt and aBtx & o " TETTEE
Samples (Bn) Q Value (GeVic®)
e Measured masses and Quantity Valie  Stat. uncert. Syst. uncert.
. MeV/c? MeV/c?  MeV/c? MeV/c?
widths of all states, as well gBET) 558 5 2
. . Q(B(5970)") 541 5 3
as the relative production m(BG9T0Y) 5978 5 12
m(B(5970)") 5961 5 3
rates ['(B(5970)° 70 18 31
. '(B(5970)™) 60 20 40
— CDF: aerV: 1309.5961 Masses are calculated assuming the state decays to Br.
A&M University

— Tevatron Physics 13



b-Baryon Properties w

 Best measurements m— YRR
of the masses and ~ ©
lifetimes of Z. and b- = 7435 1
baryons

* First observations of
Qb_ 9 QCOTC_ and 4.05 CDF Run Il Preliminary, 9.6 fb”

20> E :
— CDF: PRD 89 g 20
072014 (2014)

— Not yet seen at LHC :;7 | Hss B 59:”.....:5 WHHq
| | "Mt " GeV/c?
14

David Toback, Texas .awviva Cannvenonny
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@ Like-sign di-muon charge asymmetry w

e Current result deviates from the
SM prediction by 3.0c

- DZero: PRD 89, 012002 (2014)

* Result is consistent with
independent DZero measurements

 Semi-leptonic asymmetry in B’
(a’,): PRD 86, 072009 (2012)
* Semi-leptonic asymmetry in B,
(a*y): PRL 110, 011801 (2013)
* This effect is one of a few
remaining puzzles from the
Tevatron program which might

indicate physics beyond standard
model

mgl 0-02

DO, 104"
AT T, = 0.0042
(SM, +0.0008)

-0.02 1 Standard Model

| 1 DO B'>p'DX
- [ D@ B —»u'D;X

-0.04| * Central value from
dimuon asymmetry

004 0.02 0 002
g

Iniversity

tron Physics 15



* Agg from leptons provides a powertul
way to measure sin’0

 CDF:

— Interpret the results as an
indirect W mass measurement -
quite competitive

— New pup measurement in PRD 89,
072005 (2014)

— Result for ee in progress
e DZero:

° ° ° 2
— Single most precise sin“0
measurement is in ee final state

— Public Note 6426

David Toback, Texas A&M Univer: ' ' ' ' ' l
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Precision EWK: Ap; from leptons w
sin%0 ;. and W-mass

+«—— LEP and SLD Average
0.23153 + 0.0001

0,1

A} —— 0.23099 -+ 0.00053
A(P) —.— 0.23159 + 0.00041
A, (SLD) o 0.23098 + 0.00026
A® o 0.23221 + 0.00029
Aj° —— 0.23220 + 0.00081
Qe ——e—— 0.2324 +0.0012

AZ; (CDF), 2.0 fb" ——e—— 0.2328 +0.0011

A (CDF),9fb" —e—— 0.2315 + 0.0010
A% (D@), 9.7 fb™ —e— 0.23106 + 0.00053
preliminary
| ] | l l J
0.228 0.23 0.232 0.234 0.236 0.238
sin? 0!

eff

-9 80.385+0.015

TeV and LEP-2
LEP-1 and SLD (m,) -~ 80.365+0.020
80.297+0.048

CDFee2fh’! —o—a

CDF uu 9 b —e—80.365+0.047

80 801 80.2 803 804 805 806
W-boson mass (GeWcz)



WW and Z.Z. Results w

*  WW cross section
— New full data set results as a function of N, and Jet E
* CDF Public note 11098
— Dzero: PRD 88, 112005 (2012)
* ZZ Cross Section
—  6,~1.04"%_ 5 pb
— CDF: PRD 89, 112001 (2014)
— DZero: PRD 88, 0230080 (2013)
 Allin agreement with the SM

CDF Run Il Preliminary _[L=9.?ﬂ:~"
2
S T www { Data ]
N - L S ALPGEN prediction
=] i e TP T —]
= 10¢ i i --- MC@NLO prediction]
(ﬁ = -
]
s r -
U -------------------
E ''''' i ''''' i }
s 1F =
- - 7 | esasssssssssss=a=;
8 | e——
T I
Jet E; (GeV):
i 15-25, 25-45, >45 |
June 2014 T Inclusive ! 0j T 1] I =] ! 17

Analysis Bins



W Mass Measurement

80.5

M,, [GeV]

Tevatron Combination

80.45 |

— PRD 88, 052018 (2013)

« CDF: PRD 89, 072003 (2014) -

T T T T
- [l 68%

68% and 95% CL fit contours
w/o M, m and M, measurements

M,, world average = 1o

T T I T T T T ] L1 T T ] T
and 95% CL fit contours
w/o M, and m measurements

LI ] T 1
my'n Tevatron gverage = 16

80.35 — —
e DZero: PRD 89, 012005 (2014) : ]
80.3 —
— My, = (80387 + 16) MeV/c? = ([ |
. 80.25 :— X [ fitter[..):
- 0002% preCISlon! 14(.)‘I - I150 '1':;0' - "1;01 I 11810I - I1SI}0I - .200
m, [GeV]
Further reduction of Mass of the W Boson
. . . Measurement . M,, [MeV]
uncertainties are difficult and CDF-01 e s0as2:7d
. . D&-| @ 80478+ 83
tlme Consumlng D@-Il vow —-o— 80402 + 43
CDF-Il z2w . 80387 + 19
— Full-data results from both ot e iy
: Tevatron Run-0/I/II o 80387 + 16
CDF and DZero in Q
LEP-2 —— 80376 + 33
progress World Average . 80385 + 15
David Toback, Texas A&M Uni| 80200 80400 80600
June 2014 Fermilab Users Meeting — Tevatro My [MeV] March 2012




Top Pair-Production Cross Section w

e Combined CDF/DZero

Tevatron Run i

l'eSllltS fr()m ~808 fb-l CDF dilepton = e = ?.ﬂﬂiq-a? 067 8.8 fb”
publiShed CDF ANN lepton+jets H—e—i ?'BEi?'F? - 4.6 fb™

CDF SVX lepton+jets e =] 7.32+0.71 46"

- PRD 899 072001 CDF all-jets —t——t— 7.21:1.28 I 2.9 b
(2014) COF combined e 7E3i0s0

DO dilepton e 7.36 + 0.85 5.4 fb"

 Resultis 7.60+0.41 pb N -

 CDF version in lep+jets | =~ 1 T
with the full dataset Temoncontined SN P00 0%
nearing release I,

David Toback, Texas A&M University

June 2014 Fermilab Users Meeting — Tevatron Physics
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CDF Combination now
complete in all channels
Public Note 11080

Tevatron Combination
— arXiv:1305.3939

Strong impact on World
combination
— arXiv:1403.4427

New DZ.ero results in
lepton+jets

— Very small uncertainties:
M;,, = 174.98+0.76

— arXiv:1405.1756

David Toback, Texas A&M < .uxvenonny
Fermilab Users Meeting —

June 2014

Top Mass

CDF Runll [+jets

CDF Runll di-lepton |

CDF Runll all jets
CDF Runll E " tets
L 8.7 1o

DO Runll I+jets

DD Runll di-lepton
ATLAS 2011 I+jets

ATLAS 2011 di-lepton

Tevatron+LHC m , combination - Mar. 2014, L _=35"-8.71f"
ATLAS + CDF + CMS + DO Preliminary

— e -

+— 174.00 £ 2.79 (2.36 + 0.55+ 1.38)

172.85 £ 1.12 (0.52 + 0.49 + 0.86)

(U
170.28 £ 3.69 (1.95 +3.13)
172.47 £ 2.01(1.43+0.95+1.04)
173.93 £ 1.85 (1.26 + 1.05 + 0.86)
174.94 + 1.50 (0.83+0.47 £ 1.16)
(

172.31+ 1.55 (0.23+ 0.72 + 1.35)

_ 173.09 £ 1.63 (0.64 +1.50)
CMSZO” Hjets — 173.49 + 1.06 (0.27+ 0.330.97)
C'“S 2011, diepton ———— 172.50 + 1.52 (043 +1.48)
CMS 2011, alljets _ 173.49 £ 141069  +123)
World comb. 2014 ¥ /"= - — 173.34 £ 0.76 (0.27+0.24 £ 0.67)
| | total (stat. syst.)
165 170 175 180 185
Migp [GeV]
u)105l A IR
N r . = ]
1.04- I+jetst
1.03" =
T 18D
1 .02 r 2SD =
- 38D s
1.01- 7
' m,=174.98 + 0.58 GeV -
kJES =1.025 + 0.005
172 173 174 175 176 177
m, [GeV]
20
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Single Top s+t w

 CDF Results in Met+Jets % y bl
and Lep+Jets g " a 5 50
— Public Notes 10793 and 53 8
10926 A i e
— Combined results coming 1 b Top o
soon o meenlireiorentnnsntr: ios

[
0 1 2 3 4 2
tb cross section [pb]

o D Z e r O Re S u lt ¥V+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™'

g 3; V |>0.78 (95% C.L.
— Phys. Lett. B 726, 656 Sest
(2013) N
o 1.5F
* Tevatron Combination is 5 1
£ 05F 95%
well underway, results ——

%3 04 05 06 07 08 09 I
v, F

Z1

expected soon M

rermuan users ivieceung — Tevatron Physics



s-channel single top quark, Tevatron Run I, Lim <9.7fb"

Measurement

CDF l+jets

CDF £ +jets

CDF combined

DO Il+jets

Tevatron combined

Theory (NLO+NNLL)

1.05 = 0.06 pb [PRD 81, 054028, 2010]

L

Cross section [pb]
Aty

0.61
1.12 _+0_57

0.37
1.36 -+0.32

0.33
1.10 ) 51

0.26
1.29 -+0.24

.
1 1

0

1 2

My = 172.5 GeV Cross section [pb]

June 2014
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S

Events/0.1

Observation of Single Top in the S-Channel

- s-channel single top quark, Tevatron Run I, L .S 9.7 b
i + Data
10°E I SM signal
- — Expected background
- <eey | Background uncertainty
10°E
10°E
10
-3
10° |- s-channel single top quark, Tevatron Run Il L <9.7 fo™
o —Background only Expected significance: 5.1 s. d.
10" --SMsignal + background nereq significance: 6.3 s. d.
— ; SM expected
— +Observed Significance
1 . 1s.d.
= — ; 3s.d.
—= - - | 6s.d.
10° # '
- P '
— ’ L
- " L
= : ‘
10t @ H
- 'a L
10°F '.'
=3 . o
’Illlllllll! ll..llllllllilllll‘llIIIIlIIl]
-100 -80 -60 -40 -20 O 20 40 60 80 100

L..l" R avy

Fermilab Users Meeting — Tevatron Physics
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Hot topic for a number of years
CDF Lep+Jets results shows anomalies
* In total reconstructed asymmetry
* CDF: PRD 87, 092002(2013)

* Most pronounced as a function of mass S =

* In do/dcosO, in 1+jets

 CDF: PRD 88, 072003(2013)
* In lepton asymmetry

 CDF: PRL 111, 182002(2013)

Forward-Backward Asymmetry in ttbar w

0.6

D@, 9.7fb"

m 0.2

0.4F
2

0

¢ Data —MC@NLO
—PRD 86, 034026 ¢ CDF Data

-0.2

-0.4
_IIIIIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIlIIIIlIII
300 350 400 450 500 550 600 650 700 750 --

. j?*-..1>-“~‘~‘~\\~‘ m - [(369\/]
Full suite of CDF and DZero results since in it

then
* Leptonic: I+jets & dileptons
* Full Reconstruction: Lep+Jets only

Recent results from CDF and DZero are more
consistent with SM

* DZero leptonic Asy: PRD 88, 112002 (2013)
* DZero Reconstructed: arXiv:1403.1294
* CDF leptonic Asym: arXiv:1404.3698

Not sure what the final conclusion is: working to
finish results, reconcile them all and combine

LeptonHets

—— 9.477%
Dilepbm e —— 7.2 i 6.0 ch
Leptontjets e 5071 %
Dileptons —@——s 44+39%

Bemreuther & Si, Phys.Rev., D86 (2012) 034026

0 5 10 15
Asymmetry, %

- Levaurvin ruysicey




June 2014

Agp In High Mass bb

* The Agg in tt suggests
that looking in the lower
mass bb state is useful at
large bb invariant
masses

New results consistent
with SM

— CDF Public note
11092

DZero and CDF low
mass results in the works

. CDF Run 1T Preliminary [ £ =9.5fbh "
] T

____________

./"11: B [E}i’ }

== (PRL 111 062003) 1
== Axigluon 200 GeV/c? |

NLO SM

Axigluon 345 GeV/c?

bb mass [GeV

CDF Run II Preliminary [ £=95fh"

150 < M; < 225 GeV /c? NLO SM

;‘lFB = —[Jljirgé %

== Axigluon 200 GeV/¢?
“ Axigluon 345 GeV/c?

(PRL 111 062003)

=225 < My; < 325GeV/c? 4
= | App = —T.4155 %

Z 325 GeV /(:'2 < My;
o | App = 6.11154%

Particle-jet level App(%)

David Toback, Texas A&M curversicy

40 60
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Future Publication Plans w

CDF DZero:
 Expect ~30 papers in 2014 + Expect ~25 papers in 2014
 Expect~15in 2015  Expect ~15 papers in 2015

CDF

Topic 2014 2015 Topic By Beyond
summer summer
2014 2014
BSM 3 3 EWK 4 5
Higgs 1 0 Higgs 1 1
Top 1 2 Top 2 =
SM (EWK+QCD) 8 6 QCD 3 >
Heavy Flavor 2 3
Heavy Flavor 6 4
Combinations 3 4
Combinations 4 3
NIM - 1
Total 34 18 ‘exas A

Total 16 24

o
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Conclusions w

 The CDF and DZero collaborations are still doing exciting
physics and publishing at a strong rate

 The Tevatron has now published over 1,000 papers and
sraduated over 1,000 PhD students

 The last year(s) have had many successes by focusing on legacy
results that are competitive and complementary to the LHC
— Single Top, W Mass, Top Mass, Ay in tt, Higgs(bb)
 Modest support from the laboratory and funding agencies

around the world is well leveraged and will assure many more
important results to come based on the Tevatron data

* In the next year or so we expect many exciting results including
the final Tevatron word on the Higgs Spin-parity in VHiggs(bb)
Top mass, Ag in tt and bb, W charge asymmetry and a W Mass
measurement in the 10-15 MeV range

David Toback, Texas A&M University
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